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ABSTRACT 


Development and summary results from the STS-17 (41-G) post-flight 
products are presented. Operational Instrumentation recorder gaps, 
coupled with the limited tracking coverage available for this high in- 
clination entry profile, necessitated selection of an anchor epoch for 
reconstruction corresponding to an unusually low altitude of h~297 kft. 
The final inertial trajectory obtained, BT17N26/UN=169750N, is discussed 
in Section I. Therein are discussions relative to the problems en- 
countered with the 01 and ACIP recorded data on this Challenger flight. 
Atmospheric selection, again in view of the ground track displacement 
from the remote meteorological sites, constituted a major problem area 
as discussed in Section II. The LAIRS file provided by Langley was 
adopted, with NOAA data utilized over the lowermost ~7 kft. As dis- 
cussed in Section II, the Extended BET, ST17BET/UN=274885C, suggests 
a limited upper altitude (h<230 kft) for which meaningful flight ex- 
traction can be expected. This is further demonstrated, though not con- 
sidered a limitation, in Section III wherein summary results from the 
AEROBET (NJ0333 with NJ0346 as duplicate) are presented. GTFILEs were 
generated only for the selected IMU (IMU2) and the Rate Gyro Assembly/ 
Accelerometer Assembly data due to the loss of ACIP data. Flight sum- 
mary data for future reference are: 

Epoch: October 13, 1984 (57525^0 GMT), h Q = 297 kft 


Event 

Time from epoch (sec) 

Altitude (kft) 

Entry interface 

N/A 

400 

Maximum Mach number (31.6) 

100 

257 

M2 5 

422 

225 

Initial flight extraction 

450 

224 

M20 

654 

208 

M15 

802 

185 

M10 

948 

168 

M5 

1146 

121 

M2 

1324 

75 

Ml 

1418 

48 

Main gear deployment 

1651 

.1 

Weight on wheels (WOW) 

1669 

-.2 

Weight on nose (WONG) 

1685 

-.2 

Stop time 

1729 

-.2 
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Appendices attached present inputs for the generation of the post- 
flight products (Appendix A) , final residual plots (Appendix B) , a 
two second spaced listing of the relevant parameters from the Extended 
BET (Appendix C) , and an archival section (Appendix D) denoting input 
(source) and output files and/or physical reels. 
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I. Entry Trajectory Reconstruction 


Special Considerations 

IMU data pre-processing for this flight presented problems unlike 
any encountered for the first twelve entries. First, a large gap of 
approximately four (4) minutes in the Operational Instrumentation re- 
corded data occurred. This gap spanned zhe approximate altitude 
interval from 415 kft to 297 kft during descent. Loss of the Aero- 
dynamic Coefficient Identification Package ( ACIF ) measurements due to 
a power problem precluded filling in the "equivalent" IMU measurements 
of spacecraft dynamics in this interval , a work around for an earlier 
flight (STS-7). Since the High Resolution Accelerometer Package (HiRAP) 
data were also lost due to the same power problem, and in view of the 
fact that there was no tracking coverage at the uppermost altitudes , an 
anchor epoch was selected immediately after the major gap. Thus , the 
post- flight analysis for STS-17 (41-G) was restricted to altitudes below 
h~297 kft. Though this does not present any limitations for the purposes 
of aerodynamic and aerothermodynamic research investigations , even over 
this more "restricted" time interval, many IMU problems surfaced. Dis- 
cussions were held with various analysts at the JSC re the apparent IMU 
downlisz problems. No obvious mechanism was identified, though a flight 
software change did affect the data during the launch phase. In any 
event, the recorded data during descent contained many off-scale measure- 
ments, non- orthogonal quaternions, and data gaps. Suggested were indi- 
cations of non-homogeneity in the down-list, something which should not 
occur as these data are writer protected. Given the preceding statements 
as background, the remainder of this Section summarizes the IMU compar- 
isons and selection process, tracking coverages, and the resulting tra- 
jectory solution for STS-17. 

I. a. Dynamic Data 

IMU2 was selected as the dynamic data source for STS-17 recon- 
struction principally because there were significantly less blunder 
points associated with this unit. This is best exemplified by referring 
to the following table of required manual deletions during the pre- 
processing activity. 
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MANUAL DELETIONS DURING STS-41G PRETM PROCESSING 


IMU 

TIME AFTER TEPOCH 

CHANNEL 

1 

420.51 

Vx, Vy, Vz 


897.47 

Vz 


1041.47 

Vx, Vy, Vz 


1097.47 

Vz 


1147.71 

Q(l), Q(2), Q(3), Q(4) 


1148.51 

vy 


1184.19 

Q(l), Q(2), Q(3) , Q(4) 


1229.31 

Q(l), Q(2), Q(3), Q(4) 


1312.51 

Vx, Vy, Vz 


1424.51 

Vx, Vy 


1500.03 

Q (1) , Q(2), Q(3) , Q(4) 


1501.47 

Vx, Vy, Vz 


1567.55 

Vz 


1571.55 

Vx, Vy, Vz 


1572.51 

Vz 


1586.43 

Q(l), Q(2), Q(3) , Q(4) 


1615.55 

Vy, Vz 


1617.15 

Q(l), Q(2), Q(3) , Q(4) 


1642.11 

Q(l), Q(2) , Q(3), Q(4) 

2 

1097.47 

Vz 

3 

1074.59 

Vz 


1263.55 

vy 


1506.75 

Q(l), Q(2), Q(3), Q(4) 


1578.59 

Vy 


1633.47 

Q(l) , Q(2), Q(3) , Q(4) 


1658.43 

Q(l) , Q(2), Q(3) , Q(4) 


1664.51 

Vx 


1682.43 

Q(l) , Q(2), Q(3), Q(4) 

1 


On the basis of mid-value selection criteria, selection of 
IMU2 can only be substantiated based on accelerometer performance. 
Gyro performance, in terms of mid- value selection, was marginally 
better for IMU2 (except for the important total angle, F, which is 
independent of alignment) as indicated by the following: 
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Accelerometer Comparisons Based on 1492 Points 
Percentage mid-value measurement 



IMU1 

IMU2 

IMU3 

AV 

M50 

92 

2 

6 

AV 

M50 

9 

90 

1 

AV, 

"M50 

9 

91 

0 

Gyro Comparisons Based 

on 1552 Points 


Percentage mid-value 

measurement 



IMU1 

IMU2 

IMU3 

Euler f 

14 

85 

1 

Euler 0 

79 

21 

0 

Euler $ 

10 

52 

38 

Total angle, T 

85 

15 

0 

Total angular 

33 

34 

33 


rate, f 

Of interest in the preceding table is the rather large 
number of points rejected by the IMU comparison software. Given 
that the data are ~1 Hz, essentially 1775 records were compared 
over the time interval. Unless all three IMUs contain acceptable 
data at the respective homogeneous times, i.e., all three AV components 
or all four quaternions for each of the IMUs, data are rejected. 

This test is necessary for IMU comparisons and is a somewhat more 
stringent requirement than the other pre-processors utilized to de- 
velop body axes dynamic data using spline methods. 

There were some thirteen (13) non-orthogonal quaternions en- 
countered during the data processing, at least in terms of the criterion 
of l.E-5. These occurrences were split between the various IMUs as 
follows: 

IMU1 6 times 

IMU2 5 times 

IMU3 2 times 



Except for one occurrence for IMU1, the tests marginally 
violated the criterion. However, l.E-5 is the usual criterion which 
has been utilized on all preceding flights and has never indicated 
any problems. These results are somewhat disconcerting since the 
data otherwise appear valid, causing one to speculate on data stale- 
ness, at least in some components. This should not occur since these 
words are write-protected. 

There were various data gaps encountered during the processing 
Most significant of these were ~15 second and ~7 second gaps in all 
measurements that occurred 526 and 1431 seconds from epoch, respectively 
On a positive note, each of the IMU accelerometers sensed the same total 
(magnitude) AV change over the arc to within ±0.5 fps. 

Figure 1-1 shows a time history of the derived body axes rates 
and accelerations during descent. These data are based on the final, 
edited, IMU2 data which were, as stated, utilized for trajectory recon- 
struction. 
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Ib. Tracking coverage 


Tracking data taken during STS- 17 entry flight were limited to 
only those available sites in Florida as can be seen in the ground 
track plot of Figure 1-2. Table I defines the actual stations util- 
ized which included four C-band stations and one S-band tracker. Thus, 
the altitude range over which external tracking measurements were 
available for reconstruction was limited to the lowermost 145 kft. 
Details of this tracking geometry are depicted in Figures 1-5, (a) and 
(b) . Use of a five (5) degree minimum elevation constraint results in 
some 4370 data points for trajectory determination. Thus, the tracking 
arc provides good geometry in the terminal area, and, hopefully, suf- 
ficient geometry throughout the entry in view of the rather low altitude 
for the selected anchor epoch due to the 01 gap as discussed previously. 


Ic. Reconstruction results 

The final inertial trajectory, BT17N26/UN=169750N, is based on a 
state only fit to the tracking data and utilizes IMU2 data as the source 
for deterministic integration. The BET solution is summarized in Table 
II herein. It is seen that the degree of fit corresponds to ~1.8 
weighted standard deviation fit to all the data included. Inclusion of 
instrument parameters in the solution set did little to improve the 
goodness of fit. Shown also on Table II are comparisons of the BT17N26 
solution at epoch to the on/board Nav estimate as well as the JSC/TRW 
BET results. Though comparisons with the Nav state are in good agree- 
ment, it is observed that there are some differences versus the TRW 
results. Of significance is the ~3800 ft altitude discrepancy. Since 
there are no tracking data available over the uppermost altitudes it is 
difficult to resolve this difference. This is a situation very similar 
to STS-9, the previous high inclination entry flight which also provided 
for no coverage at the higher altitudes (latitudes). However, at h~160 
kft the differences in altitude between the two post-flight BETs is 
approximately 500 ft, converging to near zero at touchdown. 

Table III presents a summary of the fit statistics by station and 
data type. Composite range, azimuth, and elevation residuals are pre- 
sented as Figures 1-4, 1-5, and 1-6, respectively. Annotated on each of 
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the figures are the mean and la results of the fit obtained, to include 
the weighted statistics as well. Individual residual plots are attached 
as Appendix B herein. Figure 1-7 presents comparisons between the BET 
and survey values during rollout on Runway 33 at KSC. Actual values in 
runway coordinates at vehicle stop (t=1729 S ) are: 


Survey BT17N26 


X, ft 

+11535 

+11516 

Y, ft 

0 

-10 

h-h RW > FT 

+16 

+10 

X, fps 

0 . 

-0.10 

Y, fps 

0 . 

+0.01 

h, fps 

0 . 

-0.16 
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Table I. STS-17 station locations and refraction data. 



EPOCH: 10/13/84 15 h 58 m 45 S (57525 S ) GMT 

DATA TYPES: S-band, 1 radar (MLXS) 

C-band, 4 radars (MLMC, MLAC, CNMC, CNVC) 

Pseudo Altimeter (Post WONG); Pseudo Doppler (Post STOP) 

COMMENTS: 5° Elevation constraint on C, S-band data 

Tracking coverage available only from Florida stations, 
i.e. for altitudes below ~145 kft 

SOLUTION SET: State Only 

DEGREE OF FIT: y = +0.199 C =1.781 
w w 


PARAMETER 

Initial Estimate, NAV 

JSC/TRW 

Final Solution, BT17N26 

V f ? s 

24949.0 

24948.0 

24950.730 

Y r > deg 

-1.100 

-1.102 

-1.0926011 

t R , deg 

70.839 

70.815 

70.806897 

V ft 

297365. 

300866. 

297082.76 

4> d , deg 

55.104 

55.098 

55.098101 

X , deg 

206.911 

206.882 

206.86970 

^ , deg 

70.602 See 

70.709 

70.573671 

6 , deg 

40.144 ) Appendix 

40.195 

40.168621 

4) , deg 

-0.538 j A 

-0.302 

-0.52173029 


Table II. STS- 17 solution and comparisons 
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Table III. STS- 17 residual summary. 
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Figure 1-1. 
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Figure 1-4. Composite range residuals for STS- 17 
























II . Extended BET Development 


Selection of the best atmospheric source to merge with the inertial 
BET for STS-17, in view of the fact that the entry profile from this 
high inclination mission (~57°) yields a ground track far removed from 
the usual meteorological sites, creates a two-fold problem, namely, the 
necessary latitudinal translation/extrapolation of both measurements 
and/or models to the Shuttle profile. As was the case for STS-9, 
the other high inclination entry flight flown to date, the selection 
process involves consideration of all the available data, giving more 
credence to whichever source (s) tends to substantiate previous flight 
experience. Here one must evoke historical (based on twelve flights) 
flight/data base prediction differences as a test of reasonableness. 

The atmospheric sources considered (and plot symbols utilized) 

are: 

LAIRS (ST17MET) O , 

NOAA "totem-poles" extracted from the JSC/TRW BET # , 

MSFC Global Reference Atmosphere Model (GRAM) A , 

and the Air Force Reference Model (AF78) D . 

Also, included are the Shuttle derived atmospheric parameters 
based on the measured normal accelerations (from the IMU) and the pre- 
dicted normal force coefficient (C^p) . The complete atmosphere is 
obtained from integration of the hydrostatic equation for pressure and 
utilizes the perfect gas law for temperature. 

Density comparisons are presented as Figure 1 1 — 1 . Above 150 kft, 
all five sources are shown for comparison purposes. The continuation 
plot below 150 kft only reflects the two remote sources but shows, to 
within the expected accuracy, that either is viable. In the uppermost 
altitude region, the LAIRS density profile tends to support the Shuttle 
derived results, at least below 250 kft. The other sources seem to be 
better reflections of the overall structure at higher altitudes yet 
would suggest larger data base prediction errors below h~250 kft, by as 
much as 20 to 30 percent in some regions. It is noted that the Shuttle 
derived density for this flight reflects the (reasonably) smooth atmos- 
phere encountered. Absent is the significant shear structure which has 
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generally been evident in the altitude interval, 230 kft<h<250 kft. • 

Also, no particularly sharp structure occurs above this layer. Quite 
evident also is the considerable similarity in the overall structure 
between this October flight and that derived from the December (1983) 

STS-9 flight, apart, of course, from the two suggested shears in the 
latter results. Though two flights do not comprise a statistically 
significant data base, the similarities obtained so noted, one would 
hope that available models would more closely reflect the 50 to 60 
percent (of Standard) baseline density at altitude for these latitudes. 

The similarities are perhaps more remarkable considering that throughout 
the uppermost altitude region STS-17 was over the North American Contin- 
ent and the STS-9 ground track was over the Pacific. 

Temperature and pressure comparisons are presented as Figure I I - 2 
and I 1-3 respectively to complete the ambient parameters. On the tem- 
perature plot the LAIRS data seem to be the outlier, actually above 120 
kft, but, more importantly, between 150 kft and 230 kft. However, as 
seen thereon, LAIRS data are substantiated by the Shuttle derived results. 
This is also true on the pressure comparison plot for the spread of 
Shuttle derived values thereon. Thus, selection of the LAIRS (ST17MET/ 
UN-712662N) is indicated. However, the temperature discrepancies above 
h~220 kft sets an upper altitude threshold for which meaningful aerody- 
namic extraction can be expected for this flight. Use of this threshold 
negates comparisons above Mach~25 but provides a reasonable alternative 
below. This is discussed further in Section III of this report. As an 
alternative, one could have selected the AF'78 Model, as was the case 
for STS-9, which would have provided smoother aerodynamic comparisons 
though, as suggested previously, shifted somewhat from that expected. 

Atmospheric wind comparisons are shown in Figure I I - 4 for the North- 
South component and Figure I 1-5 for the East-West component. In the 
upper altitude plots only three sources are shown, namely, NOAA, LAIRS, 
and the GRAM spherical harmonic model values. Below 150 kft, only the 
two remote sources are presented. Clearly, the NOAA winds, at least 
above 200 kft, approach unrealistically large levels. Below this alti- 
tude they are, and remain thereafter, virtually zero, never exceeding 
50 fps except near 30 kft during subsonic flight. However, over most of 
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the important interval (h<100 kft) the LAIRS and NOAA winds agree quite 
well. Again, the use of the LAIRS winds is suggested. 

Additional evaluations of the winds during subsonic flight are next 

presented. Here, comparisons versus in situ side probe air data can be 

made. The results of these comparisons are summarized in two figures 

* 

herein. Both LAIRS and NOAA measured winds (magnitude, direction, and 
components) are superimposed in Figure II-6 to provide direct comparisons 
with derived winds based on the side-probe (post-flight Rockwell results) 
measurements of a, £>, and true air speed. Both deterministic and batch 
estimates are shown, the deterministic being a point by point mapping 
algorithm and the batch a weighted-least-squares estimate assuming a 
break-point altitude model. Symbols utilized are as noted in the figure. 

The comparisons shown are well within the expected accuracy of the process. 
Actual air data parameter differences between the on-board air data sys- 
tem (ADS) and computed values based on the LAIRS measured winds (modified 
as footnoted) are shown in Figure I I- 7. Mean differences and the com- 
puted (la) standard deviation in the differences are notated thereon. Again, 
it is unreasonable to expect to improve on such differences, thus, the 
LAIRS (FLAIR17) data were adopted. 

The final figures in this Section merely show the selected atmos- 
pheric data (from FLAIR17/UN=274885C) . The final temperature, density, 
pressure, and wind profiles are given as Figures 1 1 - 8 through 1 1 — 1 1 , 
respectively. One can observe the curvature below ~7 kft evident in the 
temperature profile induced wherein the NOAA data were used (necessarily) 
to replace the LAIRS data. 


The actual LAIRS file provided by the LaRC only contained data above 
~260 ft. Moreover, winds were zeroed out below ~7 kft. Thus the LAIRS 
file was merged with, actually replaced by, the NOAA data below ~7 kft, 
requiring the notation FLAIR17 on Figure I I - 6 . Above this altitude, the 
adopted LAIRS winds agreed quite well with the other sources. 
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Fig. II-2. STS-17 (41-G) temperature comparisons. 
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Fig. . North-South wind comparisons for STS-17 (41-G) . 
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Fig. II-4. (Concluded). 
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Fig. I I -5. (Concluded) . 
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Fig. II-6. STS-17 Measured and Derived Winds 
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Fig. 1 1 - 7. STS- 17 ADP Differences. ST 1 7ADS-ST 1 7BET 






Fig. I I - 9 . Final STS-17 (41-G) density profile 
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Fig. I I - 1 1 . Final STS-17 (41-G) wind profiles 




Ill . Aerodynamic BET Development and Summary Results 


The final Extended BET (ST17BET/UN=274885C) was merged with the 
recorded control surface and RCS firings and the LaRC Orbiter Data Base 
to develop the AEROBET. The final mass properties utilized are given 
in Appendix A. The AEROBET was written on nine-track physical reel 
NJ0333 with a back-up (duplicate) copy on NJ0346. This section presents 
summary results plotted from the AEROBET. 

Figures I I I - 1 and I I I - 2 depict the altitude history and descent rate 
(versus time and altitude), respectively. Dynamic pressure is plotted 
versus time and altitude as Figure I I I - 3 . Mach number is next presented 
plotted versus the same two parameters as Figure III-4. The dotted line 
shown thereon is the resulting Mach number if the Air Force 1978 Refer- 
ence Model had been adopted. The Mach profile on the AEROBET clearly is 
a manifestation of the uppermost temperature departure for the LAIRS 
data discussed in the previous Section. Therein the suggested altitude 
threshold was h~230 kft. Even at this altitude one can see differences 
in the two Mach number computations of as much as three, viz ~27 for the 
LAIRS profile, ~24 using the AF'78 temperature. One must keep these 
differences in mind when analyzing flight results for this particular 
mission. 

Figure I I 1-5 shows V versus altitude with the Reynolds number 
profile presented as Figure II 1-6. Again, the Reynolds number plot 
reflects the alternate computation based on the AF'78 model. Air rela- 
tive attitude angles (angle-of-attack, side-slip angle, and roll about 
the velocity vector) are given in Figure I I I - 7 versus Mach and I I I -8 
versus altitude, respectively. The shaded region on the plot versus 
Mach number reflects the range of a's flown on the twelve (12) flights 
to date, that is for STS-1 through STS-14 excluding STS-10 and 12. 

Spacecraft angular rates and linear accelerations in the body axes 
are plotted versus Mach number as Figure I I I - 9 . Control surface de- 
flections versus both Mach and altitude are next presented. The plot 
versus Mach (Figure I I I — 1 0) again includes the shading reflecting the 
range of control effectors based on the first twelve flight experience. 
More negative elevon opportunities are seen between Mach 9 and 18 thereon. 
Also, this is the second consecutive flight with the indicated hypersonic 
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speed brake profile, the third unique profile flown to date. To com- 
plete the configuration plots, RCS activity is presented as Figure 
I I I- 12 versus Mach number. 

The next three figures show the STS-17 flight/data base compar- 
isons. Figure I I I - 1 3 shows force coefficient comparison in the sta- 
bility axes along with L/D performance comparisons. Again, the shading 
reflects the previous flight results. In this instance, the previous 
results are the ensemble statistics of width (± la) about the mean 
prediction error. Body axes force coefficient comparisons, as well as 
the percentage difference in the pitching moment with respect to the 
65 percent reference c.g., are presented as Figure 1 1 1-14. Actual pitch- 
ing moment comparisons at the flight c.g. are presented in Figure I I I - 1 5 . 
Figure I 11-16 shows the flight c.g. versus Mach number, indicating that 
this is the furthest forward location flown to date by some two (2) 
inches. The hypersonic pitching moment discrepancy, due principally 
to real gas effects, is seen in Figure I I I - 1 5 to be -0.036. It is noted 
that the percentage difference curve (Figure III-14) was plotted with a 
larger scale than previous flights but still yields regions wherein the 
differences are off-scale and thus truncated. 

Of particular interest herein are the most noticeable force dif- 
ferences which occur in the interval, 5<M<10 (see Figs. I I I - 1 3 and III-14). 
Based on examination of the configuration flown relative to all past 
flights, eventhough the elevon and speed brake control effectors are on 
or slightly outside the previous ranges flown, this could likely relate 
to atmospheric density differences. This Mach interval corresponds to 
an altitude range between 120 kft and 170 kft. Over most of this inter- 
val (see Section II) the LAIRS atmosphere is more dense than that pro- 
vided by the National Weather Service, by as much as five (5) percent. 

Thus, less overprediction would be obtained in this interval had the 
NOAA data been utilized, enough in fact to place the STS-17 results 
within the ensemble band. However, it must be noted that the additional 
overprediction indicated in this Mach interval is more consistent with 
previous "Challenger only” statistics. Readers can refer to NASA CR- 
172440 wherein separate results are presented showing both Columbia and 
Challenger ranges of configurations flown as well as ensemble statistics 
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for each based on six (6) and five (5) flights, respectively. Therein, 
the shift in the mean difference at Mach 7 would be the approximate 
five (5) percent shown here. Though not simple to isolate, the differ- 
ence in this Mach interval, if real, would relate to a combination of 
differing (on average relative to Columbia) speed brake, body flap, 
and a profiles flown by Challenger. No vehicular aerodynamic differ- 
ences are expected, nor suggested herein. 
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Figure ID-1. STS-17 altitude time history 
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Figure III— 2. STS-17 descent rate versus time and altitude 
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Figure ID-5. STS-17 Vbar versus altitude 
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Figure 1II-8. STS-17 a, 0 and <r vs. h 
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Figure III— 9. 
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Figure III— 1 0. STS-17 control surfaces vs. Mach 
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Figure III- 13. STS-17 flight/data base differences vs. Mach 

(lift, drag, and L/D) . 
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Figure 1 1 1 — 14 . STS-17 flight/data base differences vs. Mach 
(axial, normal, and pitching moment). 


- 56 - 



V variations (pre-flight) 



Figure III— 1 5. STS-17 C m comparisons vs. Mach 
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Figure III— 1 6 . STS-17(41-G) c.g. profiles vs. Mach 




IV. MMLE Input File Generation 


In view of the previously mentioned loss of ACIP data, GTFILEs 
for STS- 17 could only be generated based on the IMU and RGA/AA mea- 
surements. The 25 Hz IMU2 file was generated and output on tape 
NJ0523. The RGA/AA file, output on reel number NJ0568, was generated 
by replacing the dynamic data on the IMU file with the measured RGA 
body axes angular rates and the two available AA accelerations. Ay 
and A z . These data were rectified versus IMU2 as shown in Figures 
IV- 1 and IV-2. The indicated 100 second sample differences shown 
thereon were removed as extraneous signal by simple sub-interval bias 
rectification. Investigators can refer to Table IV herein for actual 
maneuver specification during the STS-17 entry. Final mass properties 
for maneuver analysis are given in Appendix A. 
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Longitudinal 



Start times 


Stop times 

(H: M: S) 

(sec from epoch) 

(H: M: S) 

(sec from epoch) 

16:06:20.0 

635 

16:06:35.0 

650 

16:09:49.0 

664 

16:10:01.0 

676 

16: 12:50.0 

845 

16:12:59.0 

854 

16:15:26.0 

1001 

16:15:55.0 

1010 

16:17:56.0 

1151 

16: 18:02.0 

1157 

16: 18: 34.0 

1189 

16: 18:40.0 

1195 

16:21:27.0 

1362 

16:21:31.0 

1366 

16:22: 11.0 

1406 

16:22:14.5 

1409.5 


Lateral 

Start times 


Stop times 


(H: M: S) 

(sec from epoch) 

(H: M: S) 

(sec from epoch) 

16:06:30.0 

645 

16:06:41.0 

656 

16:09:41.0 

656 

16:09:52.0 

667 

16:12:42.0 

837 

16 : 12:53.0 

848 

16:15: 18.0 

993 

16:15:28.0 

1003 

16: 17:46.5 

1141.5 

16:17:58.0 

1153 

16:18:29.5 

1184.5 

16:18:35.0 

1190 

16:20:27.0 

1302 

16:20:37.0 

1312 

16:21:19.5 

1354.5 

16:21:26.0 

1361 

16:22:05.0 

1400 

16:22:10.0 

1405 

16:22:28.0 

1425 

16:22:36.0 

1431 


Table IV Maneuvers specified for STS-17 (41-G). 
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Figure IV- 1. STS-17 angular rate differences between derived 
values from IMU2 and RGA measurements. 






ff M = .00079 
/J^yg =.00096 



TIME, 100 sec 

(e) Y-body acceleration statistics versus time 


a M = .00175 
M*, =00126 



TIME, 100 sec 

(f) Z-body acceleration statistics versus time 


Figure IV-2. STS-17 lateral and normal acceleration differences 
between IMU2 derived and AA measurements. 
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APPENDIX A 


Spacecraft and Physical Constants 



ORIGINAL !'/v~r ?3 

POOR QUALITY 


♦ ♦ ♦ ♦ + 1 MU N B R 1 ATTITUDE INFORMATIQN+++++ 


...INERTIAL (EE50) TO ROTATING (ETJD) 


-•l4543044E+o0 
#98936281 E +00 
. 33492267E-02 

-.98936635E+00 
-.14543129E+00 
• 1 1 8 32 144 E-04 

♦49878366E-03 
-.3 3 1 1308 2 E-02 
.99999439E+00 

» . .ROTATING IET0D) TO N-E-D 
• 729761 42 E +00 
.45259873E+00 
.51244771E+00 

.37C39789E+00 
”♦89171 4 30E +00 
♦26009808E+00 

• 57467701 E + 00 

0. 

-.81838031E+00 

• . .NAV BASE TO S/C BODY 
.98291057E+00 
-.37935496E-03 
. 1840 P 334E+0C 

• 36562364E-03 

#9q9 q 99 q 3E+00 

* 1085356QE— 03 

-.18408337E+00 
-.39375571E-04 
.982910 6 3 E+00 

...NAV BASE TO OUTER ROLL 
.9999995DE+00 
.91449381E-03 
-.40092151E-03 

-.91449388E-03 
. 99999958 E + 00 

0. 

.40C92134E-03 
♦ 36664027 E-06 
.99999992E+00 

...PLATFORM TO OUTER ROLL 
• 36293020 E +00 
- . 92777276 E +00 
.86712100E-01 

.60981 031 E +00 
• 16612C-24E+UC 
-.77494190E+00 

« 704 565 59E + 00 
• 33412762E+0C 
♦62605578E+00 

...INERTIAL ( EE50 ) TO PLATFORM 

•21106833E+UO -.73014283E+00 
-.38499374E+0J .549ol433E+0C 
-• 89345765 E +00 40678 579E +00 

. 6 49878 14 E + 00 
.741 86 200 E+00 
-.16522455E+00 

...S/C BODY TO N-E-D 

• 2 5 402087 E +00 
.7209<>569E+G0 
-.64475594E+00 

-.94505243E+00 
♦ 32684604E +00 
-.6B626949E-02 

. 20 f> 788 54 E+00 
•611 071 75E+00 
.76435737E+00 


TABLE A- 1 


STS- 17 IMU attitude matrices @ epoch 
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ORIGINAL PACE 13 

OF POOR QUALITY 


♦♦♦♦+INU NBR 2 ATTITUDE INF0PMATI0N+++++ 


...INERTIAL ( EE50 ) TO ROTATING { ETQD ) 

“•14543044E+00 -.98936835E+00 

» 9893628 1 E +00 14543129E+00 

.33492267E-02 .11 832 144E-04 


...ROTATING ( ETOD > TO N-E-D 

•72976142E+00 . 37039789E +00 
•45259873E+C0 -. 89171430E+00 
* 5 12447 71 E +00 • 2600980QE + 00 


...NAV BASE TO S/C BODY 

• 9b291057E+0<J . 36562364E-03 

-.379354966-03 .99999993E+0L 


•18408334E+00 .1085356CE-03 


...NAV BASE TO OUTER POLL 
.99999530E+00 
•74579641E-03 
.62277028E— 03 


-.74577Q54E—03 

•99999972E+CG 

-.257142586-04 


...PLATFORM TO OUTER POLL 
• 97962388 E+00 
• 96825932E— 01 
“.174842486+00 


-.65858486E-C2 

-.85869512E+00 

-.51244380E+0G 


...INERTIAL ( EE50 ) TO 

platform 

-•7 85 82752 E +00 

- • 1 9 800 5 40 E -01 

• 61265671 E +00 

-.16135889F +00 

.84420860E-01 

• 9 8 669 71 4E +0C 

...s/c body to n-e-p 

•25399721 E+00 

-.94515516E+00 

..72048996 6+00 

. 32653 591 1+00 

-.645P6863E+00 

-. 74402 805E “02 


TABLE A- 1 


.4987R866F-C3 

-.33118982E-0? 

.99999A39E+00 


• 57467701E+00 

0 . 

-•81838Q31E+QQ.. 


“• 18403337E+00 
“• 39375571 E—0 A 
•98291063E+00 


-.62278928F-03 
• 252498C2E—04 
• 9999998 1 E+00 


-.19975430E+0C 
. 50325616F+00 
-.84Q7323GE+00 


• 61 812366E+00 
• 77370220F+0C 

• 1 3 893 1 2 1 E + QO 


.2053431 5 F +00 
.61177U16E+GJJ 
.76391790F+00 


(continued) 
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♦♦♦♦♦I MU NBR 3 ATTITUOE INFOPMAf ION+++++ 


...INERTIAL ( EE 50 ) TO ROTATING (ETOD) 



-.1A5A30AAE+Q0 

-. 98936 835E +00 

* A 98 78 866 E-0 3 


.98936291E+00 

-♦1A5A3129E+00 

-.33118982E-0? 


•33AQ2267E-02 

•1183214AE-0A 

•99999A39E+00 

...ROTATING (ETOD) TO N-E-D 
.729761A2E+00 

.37039789E+0G 

•57A67701E+00 


.A5259873E+00 

-.89171A30E+00 

0. 


•512AA771E+00 

•26009808E+00 

-.81838031E+00 

.. .nav 

BASE TO S/C BODY 
•98291057E+00 

.3656236AE-03 

— .18A08337E+00 


-.37935A96E-03 

.99999O93E+00 

-.39375571E-04 


.18AO«33AE+OG 

•10853560E-03 

• 98291C63E+00 

...NAV 

BASE TO OUTER POLL 
• 99999A29E +00 

• 12 891 322 E-02 

•31251399E-02 


-.12891A29E-G2 

.99999917E +00 

. 1A160325E-05 


-.31251355E-02 

-.5AAA7762E-05 

• 99999512E+00 

...PLATFORM TO OUTER ROLL 
•11215776E+00 

•B5533072E+00 

-.50579636E+00 


-.31062602E+00 

-•A533206AE+00 

-•835A7101E+QC 


-.9 4 38919 BE +00 

• 250 81 805 E +00 

• 21 A8AA59E+00 

...INERTIAL ( EE50) TO PLATFORM 



. 313953A0 E +00 

• A791A213E+00 

.81Q66829E+00 


-• A 87282 57 E +00 

-.6596271AE+C0 

• 572230A6E+00 


•81A85516E+00 

-.57906377E+00 

• 26 3 8 540 OE— 01 

• • • wc 

BODY TO N-E-D 
• 25 3636 AO E +00 

-.9A5A0721E+00 

•20463060E+00 


• 7216 5165E +C0 

. 32 5 B1066E +00 

•61C791 A8E+00 


-.6AA11758E+00 

-.72A69672E-02 

• 76A892 19E+Q0 


TABLE A- 1 
(concluded) 
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Planet Parameters 


Physical Model 


Polar Radius: 
Equatorial Radius: 
Rotational Rate: 

Gravity Model 

Central mass, y: 

J 2 : 

C30 : 

C40 : 

C 22 : 

s 22 • 

Runway 35 Location : 
Altitude: 

Geodetic Latitude: 
Longitude: 

Azimuth: 


20,855,591.48 ft 
20,925,741.47 ft 
. 7292115147E-4 rad/sec 


. 1407646853E17 ft 3 /sec 2 

. 10827E-2 
. 256E-5 
. 158E-5 
. 157E-5 
- . 897E-6 


-199 ft (above ellipsoid) 
28.597182 deg 
279.317350 deg 
329.999488 deg 


Location of IMU relative to center-of-gravity in Body coordinates 
(Assumed constant for entry reconstruction) 


y b 

zb 


56 ft 
0.0 ft 
-4 ft 


Spacecraft aerodynamic reference parameters 


Reference Area 

Span 

Chord 


2690 ft 2 
78.057 ft 
39.567 ft 


Average Attitude 

Computations 

0 Epoch 

(57525 sec) 




IMUl 

IMU2 

IMU3 

y 

a 

^ (deg) 

70.5904 

70.5807 

70.6351 

70.6021 

0.0290 

6 (deg) 

40.1474 

40.1859 

40.0995 

40.1443 

0.0433 

4> (deg) 

-0.5144 

-0.5580 

-0.5428 

-0.5384 

0.0221 


TABLE A- 2 

Planet and Spacecraft Data Used for 
BT17N26 , ST17BET, and AEROBET Generation 
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Weight and Center-of-Gravity (c.g.) Location 


Event 

Time 

(sec from epoch) 

Weight 

(lbs) 

Xc.g. 

(inches in 

Y.c.g. 

Orbiter Structural 

Zc.g. 

Reference) 

El 

-220 

203651.1 

1085.4 

-0.2 

371.9 

Mach 3 

1262 

202829.1 

1083.7 

-0.2 

371.3 

Landing 

1669 

202266.1 

1084.8 

-0.1 

368.4 


Moments and Products of Inertia 


Event 

Time 

(sec from 
epoch) 

^XX 

Lyy 

hz 

*XY 

fxz 

ivz 

El 

-220 

907968.0 

7000453.8 

7299405.9 

966.6 

160902.9 

-1678.0 

Mach 3 

1262 

902777.9 

6959429.3 

7260768.4 

888.1 

149561.6 

-1769.3 

Landing 

1669 

930280.0 

6973554.2 

7250596.6 

2039.5 

139903.3 

-1372.8 


Notes : 

• El time relative to epoch approximated due to gap in 01 data 

• Mach 3 values held constant until gear deploy (1651 sec) , landed 
values adopted thereafter. 


Table A-5 STS-17 (41-G) mass properties. 
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APPENDIX B 


Final residuals for STS- 17 trajectory reconstruction 


RESIDUALS 


WEIGHTED RESIDUALS 


o-c. it 


a = 14.56 
M = -5.81 



(O-C)/a 0 

5.0 


= 1.42 

Mu, = -•« 





o-c, 

5.0 


r 

: - 5 h & 

I 


o = 

M = 

a 

o 

8 $ 


1.04 

.23 


RANGE 


(0-C)/c 0 

6.0 


2.5 r- 


- 2.5 



° o > 




-2.5 


© 

o 


= r.05 
= .23 



o Oj 


oo 


-D.U | I 1 1 1 

1060 1160 1250 1350 1450 

1550 1650 

1050 1160 1250 1360 1460 

f 550 

1650 

TIME, sec 


TIME, sec 



DOPPLER 

a = .03 

DOPPLER 

CT ur 

= 2.12 

0-C. dag 

M = 02 

(O-C)/<r 0 

Mu, 

= 1.20 


.10 

.05 


-.05 


-.10 


10 



-5 


-10 




JL 


f 050 f/50 f 250 f 550 *450 1650 1660 

TIME, see 


JT-AVCLT 



1050 1160 1250 1360 1460 

TIME, sec 


X-ANGLE 


1560 1650 



1050 1160 1260 1350 1460 1550 1660 

TIME, sec 

Y-ANGLE 


1050 1160 1260 1350 1460 

TIME, sec 

Y-ANGLE 


1550 1650 


Fig. B-l. Smoothed residuals versxts time for MLXS 
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a = SS.S6 
M = 23.05 


^ o® C 


r oo^ 

O • * 


WEIGHTED RESIDUALS 


(0-C)/a e 




O *o Q ® 0 o % Ofc 
| o o o 


-200 1 1 I 1 I ! ! 

1050 1150 1250 1350 1450 1550 1650 

TIME, sec 


>5,0 1 | 1 0 1 I 

1050 1150 1250 1350 1450 1550 

TIME, sec 


fl = -.02 


ro-c» 0 




-.05^^ 

i <9 


od^ 


■fc oocf 0 % 

o ° 

O 


f 0 1 1 1 1 1 11 

1050 1150 1260 1350 1450 1550 1650 

TIME, sec 



o 0 <b 

°jb^ 



1050 1150 1250 1350 1450 1550 

TIME, sec 


AZIMUTH 


fl = -.Of 


(0-C)/c 0 



1050 1150 1250 1350 1450 1550 1650 

TIME, sec 


£ f 




1050 1150 1250 1350 1450 1650 

TIME, sec 


ELEVATION 


ELEVATION 


Fig, B-2. Smoothed residuals versus time for MLMC 
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RESIDUALS 


WEIGHTED RESIDUALS 



a = 34.50 
/X = 4.0/ 





-100t 


n O O 
V O o 


-zoo L 


1050 1150 1250 1350 1450 1550 1650 

TIME, sec 


RANGE 


0-C. deg 

.2 


<J = .03 
fl = .01 


• fr 


-./ 



-•* I 

/050 


1150 1250 1350 1450 

TIME, sec 

AZIMUTH 


0-C. deg 


1550 1660 


a = .02 

ll ~ .01 



(0-C)/c 0 


<T W 

Mu, 


1.14 
> .13 



RANGE 


(0-C)/a 0 

10 


& w 

My, 


= 1.61 
= .64 




-5 


-10 



_£L 


1060 1160 1260 1350 1450 1560 

TIME, sec 


1660 


AZIMUTH 


(0-C)/a 0 


<T W = 176 
My, = -43 



r/j/r, see 

ruriTTD// jxmrjotf 

Fig. B- 3 . Smoothed residuals versus time for MLAC 
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RESIDUALS WEIGHTED RESIDUALS 



1050 1150 1250 1350 1450 1550 1650 1050 1150 1250 1350 1450 1550 1650 

TIME , sec TIME, sec 



1050 1150 1250 1360 1450 1550 1650 1060 1150 1250 1360 1460 1560 1650 


TIME . sec TIME, sec 



1060 1150 1250 1350 1460 1650 1660 1050 1150 1250 1350 1450 1650 1660 

TIME, sec TIME, sec 

ELEVATION ELEVATION 

Fig. B-4. Smoothed residuals versus time for CNMC 
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<J = 20.66 
H = -9.10 


-so -°° 8 ° 0 oo° 0 "jff* 
I o 


Co-c;/<r 0 


WEIGHTED RESIDUALS 


co 0 0 008 *>o° 


<7 W S .05 

= - 30 


f050 1150 1260 1350 1450 1550 1650 

TIME, sec 


1050 1150 1250 1350 1450 1550 1650 

TIME, sec 


- 0.00 


(0-C)/o, 


O ?§ 0,0 

■&a£rf>Jk $ J> 


fp °o 

°e o 


0 <?° 

Ji&xaJjb °$ j9 


«P oo 

°e o 


f 050 1150 1250 1350 1450 1560 1650 

TIME, sec 


1060 1150 1260 1350 1450 1550 1650 

TIME . sec 


AZIMUTH 


= 0.00 



1050 1160 1250 1350 1450 1660 1660 

TIME, sec 


(0-C)/a e 



1060 1150 1250 1350 1450 1660 1650 

TIME, sec 


ELEVATION 


ELEVATION 


Fig. B- 5 . Smoothed residuals versus time for CNVC 
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RESIDUALS 


o-c. ft 


a = 3.43 
fJL = 6.27 


20 


r 

i 

fsj- 



TJME, sec 

ALTIMETER 


O-C. He 
1.00 


a = .04 
M = 76 


■75 r- 


.50H 


cf*b c 




.25 


f750 7740 /750 f 750 /770 1780 1780 

TIME ; see 

oopplkr (Vertical) 


o-c. if* 


o = .05 
M = ■** 


.50 “ 

.55 - 

i 

.26 


o 

o 


o 

tf>° 


®oo e o 

° o 
o 


<5*^, 


«b> 


1730 1740 1760 1780 1770 1780 1720 

TIME . sec 


DOPPLER (East) 


O-C. He 


C = .03 
p. = -.54 


- *3b 


’*5 H 


-.55 1 — 


-.50 


° o° 
0 ° OP o 

°% 0 f 


1730 1740 1760 1760 1770 1780 1700 

TIME, sec 

doppler (North) 


(0-C)/a, 

6.00 


W SIGHTED RESIDUALS 

cr„ = .72 
Mm> = 131 



ALTIMETER 


(0-O/a. 


tr w = .14 
= 2 SO 



{0-C)/o t 


dopplxr (Vertical) 

<T W = .21 

tK, = 07 



DOPPLER (East) 


(0-C)/e, 


<7„ = .11 

= -*■*< 



r/J/i 1 . sec 
DOPPLER (North) 
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Fig. B-6. Smoothed residuals for altimeter and Doppler (pseudo data). 


APPENDIX C 


Listing of trajectory and air relative parameters 
from final STS-17 (41-G) Extended BET 
at two (2) second intervals 
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APPENDIX D 


STS- 17 (41-G) Source and Output Products for Archival 


D. 1 STS- 17 Output Products 


(a) FILES 


NAME 

USER CATALOG 

DESCRIPTION 

BT17N26 

169750N 

Final reconstructed trajectory 
(40 word format per AMA 81-1) 

ST17BET 

274885C 

Final extended BET 

(66 word format per AMA 81-11) 

NAVB41G 

389102C 

STS- 17 onboard nav BET 
(66 word format) 

FLAIR17 

274885C 

Final LAIRS file (ST17MET/ 
UN=712662N with NOAA atmosphere 
below 7.25 kft) 

TRWS41G 

274885C 

Reformatted JSC/TRW BET 
(66 word format) 

IMRGA17 

274885C 

Signal difference file 
(IMU2 - RGA1/AA1) 


(b) TAPES 


REEL NO. 

DESCRIPTION 

NJ0333 

STS- 17 AEROBET (201 words per AMA 82-9) 

NJ0346 

Duplicate of above 

NJ0523 

25 Hz IMU2 GTFILE (62 words per AMA 81-20) 

NJ0568 

25 Hz RGA1/AA1 GTFILE (62 words per AMA 81-20) 

NN0259 

25 Hz RGA1/AA1 for NJ0568 

NP1167 

25 Hz bias rectified RGA1/AA1 file for GTFILE 
generation 

NB0923 

Final STS-17 residuals for BT17N26 

NN0136 

Edited tracking tape 

NN0231 

1 Hz 01-2 for AEROBET 

NN0137 

20 Hz IMU2 file in body axes for ST17BET, 
AEROBET, and GTFILE (uncalibrated) 

NC0423 

Dynamic data (input for trajectory reconstruction) - 
20 Hz IMU2 data in platform coordinates (second 
CDC record) 
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D. 2 Source Tapes Received via NASA LaRC 


(a) T/M TAPES 


REEL NO. 

DESCRIPTION 

NL1067 

NL0756/NB0486 

NS051S 

NX0485 

NN0138 

OI-l 

OI-2 

01-3 (source for RGA1/AA1 data) 
01-4 

01 -1 from CBET1F 

(b) TRACKING 

TAPES 

REEL NO. 

DESCRIPTION 

NL1180 

NK1135 

JSC/TRW tracking data 

Goddard Space Flight Center data 

(c) OTHER 


REEL NO. 

DESCRIPTION 

NH0106 

JSC/TRW Descent BET 
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